INTRODUCTION
Actin 1s a highly conserved protein, which 1s present 1n every eukaryotic tissue and cell type where It has been looked for (1) . Since It Is present In distantly related organisms from divergent branches of the phylogenetic tree, Its gene must have been formed early In eukaryotic evolution. In addition, the high degree of conservation of Its primary sequence must result from considerable selective constraints Imposed due to Its function(s) 1n the cell. Because the actin genes are ancient and highly conserved, an examination of their structure establishes an Important framework In which to consider the origin and evolution of eukaryotic gene structure. More specifically, 1t Is possible to compare the number and location of Introns In these genes from eukaryotic species located anywhere on the phylogenetic tree and therefore construct a detailed evolutionary history of this Important gene family. Also, since members of the actin gene family are known to be differentially expressed In various tissues, stages of development and cell types of several organisms (2-13), they are also an excellent set of genes 1n which to examine the relationship between gene structure and expression.
Here we report the complete nucleotide sequence of a sea urchin actin gene which 1s thought to be expressed 1n early embryogenesis ( 
Relationship of this Gene and Its Encoded Protein to Other Actin Genes and Proteins
Comparison of the amino add sequences of various mammalian actins Indicates that there are substitutions at specific locations which appear to be characteristic of muscle and cytoplasmic actins (34,35). The question of how crucial these residues are for the proposed different functions of these actin variants may ultimately be answered by comparison of the sequences of actins specifically expressed 1n various tissues from many different species. The actin encoded 1n pSpG17 does not strictly conform to either mammalian type; that Is, 1t contains muscle-Uke, cytoplasm1c-11ke and previously unreported residues at the putative diagnostic positions. Of the 22 most characteristic sites, the sea urchin protein contains 16 cytoplasmic-like substitutions (6, 10, 16, 76, 103, 162, 176, 201, 225, 259, 266, 286, 296, 298, 357, 364) , three muscle-Uke substitutions (17, 271, 278) , one previously unreported substitution (153) and one substitution found In Physarun and yeast and not 1n mammalian act Ins (5) . Although this actin does not fall entirely Into either category, 1t 1s considerably more cytoplasraic-Uke than muscle-Uke. It has been noted that actins from lower eukaryotes [Dictyostelium discoideutn (36); Physarum poiycephaium (37)] and Insects [Drosophila melanoqaster (20, 21) ] have greater similarity to vertebrate cytoplasmic act 1ns than to vertebrate muscle actins. Whether sea urchins contain a gene which encodes a more typical muscle actin will be determined by sequencing other cloned genes.
To further examine the relationship between this sea urchin gene and encoded protein and other act 1ns and act In genes, we compared the DNA and encoded protein sequence to other reported protein and complete actin gene sequences ( Table 1) . As has been previously pointed out, the degree of conservation of the actin ami no add sequence across large phylogenetic distances 1s quite remarkable, with the largest difference noted here being only 11.5% between the yeast and the sea urchin proteins. The sea urchin actin 1s most similar to mammalian cytoplasmic actin (4.3% amino add sequence difference), the actins from the lower eukaryotes, D1ctyostel1um discoideum (5.6%) and Physarum polycephalum (4.8%) and two Drosophila actins (6.4 and 5.6%). It 1s possible that all of these actins are cytoplasmic, with similar functions and thus similar selective constraints. On the other hand the differences between sea urchin and rabbit skeletal muscle (8.3%) and yeast (11.5%) are noticeably greater. Since sea urchins are more closely related to mammals (both are deuterostomes) than to DrosophUa (a protostome) and the sea urchin actin 1s more similar to Drosophila actins than rabbit skeletal muscle actin, It 1s likely that the vertebrate muscle actins are evolving under somewhat different selective constraints than the cytoplasmic species. Furthermore, since the DrosophUa actin gene, 79B, which 1s more similar to mammalian cytoplasmic actins than muscle actin, 1s thought to encode a larval muscle actin (11), the rather distinctive vertebrate muscle actins may have evolved after the branch which gave rise to the protostomes and deuterostomes as suggested by Fyrberg et a\_., (20) . The yeast actin, which shows a greater difference from this sea urchin actin ""To whom reprint requests should be addressed.
